Introduction
ARR, or the Bentall procedure [1] , is performed for aortic root pathology, including aneurysm, dissection, connective tissue disorders, and atherosclerosis. In the United Kingdom (UK), according to the Sixth National Adult Cardiac Surgical Database report between 2004 and 2008, there were 765 ARR elective cases with 8.0% mortality and 213 urgent cases with 12.2% mortality in 41 cardiac surgical centers [2] . Similarly, the Society of Thoracic Surgeons (STS) Adult Cardiac Surgery Database (ACSD) showed an unadjusted mortality of 11.1% between 1994 and 2003 [3] . However, previous large single center historical series have demonstrated lower mortality rates for both elective and emergency ARR [4] [5] [6] [7] [8] .
It is well-known that hospital procedure volume has an inverse association with postoperative mortality for a number of complex cardiovascular and thoracic surgical procedures [9] [10] [11] [12] [13] . Hughes [14] . In this largest study to date, the overall unadjusted operative mortality was 4.5%. However, the unadjusted operative mortality increased with decreasing case volume, from 3.4% in the highest volume centers to 5.8% in the lowest volume centers. The conclusion of this study was increased risk-adjusted mortality for elective ARR or combined aortic valve-ascending aortic surgery at hospitals that performed fewer than 30 -40 of such procedures annually [14] .
However, one limitation of the STS database is the inability to adjust for individual surgeon volume, thus, the effect may be due to high-volume surgeons or a high-volume center. The aim of this study was to assess the outcomes of patients undergoing elective or urgent ARR by a single, high-volume surgical team in a tertiary cardiac surgical unit performing 30 -40 ARR annually.
Materials and Methods

Study Population
From October 2005 to March 2011, demographic, clinical, and operative data were collected prospectively for patients undergoing elective or urgent (within the same hospital admission for the presenting complaint) ARR for non-Marfan aortic root dilatation by a single surgical team at our institution. Patients who underwent emergency surgery, aortic valve preserving procedures, extra-anatomic bypass, and arch and descending aorta repairs were excluded from this study. The Marfan group of patients were excluded because the majority of them underwent a valve-sparing procedure Ϯ ascending aorta or arch replacement. Therefore, they are a heterogeneous group not undergoing pure aortic root replacement.
The definition of high volume, for the purpose of this study, is derived from the publication by Hughes et al. [14] . They have shown that patients undergoing elective aortic root surgery at North American hospitals that performed fewer than 30 -40 of such procedures annually have greater risk-adjusted mortality than those undergoing surgery in higher-volume hospitals.
The following definitions were used to classify the timing of surgery for this study. Elective surgery was defined as planned, nonemergency procedures that were performed greater than 1 week from decision to operate. Urgent surgery was defined as surgery being performed at greater than 24 hours but within the same hospital admission. Emergency surgery was defined as procedures performed within 24 hours of hospital admission.
Operative Technique
Following a median sternotomy, cardiopulmonary bypass was established at 35°C through central cannulation. Aortic cannulation was always performed via the distal ascending aorta or proximal aortic arch for all cases. Venous return was obtained using right atrial or bicaval cannulation. A vent was placed in the left ventricle through the right superior pulmonary vein. Myocardial protection was achieved using antegrade, cold blood cardioplegia solution. None of the patients required deep hypothermic circulatory arrest.
The surgical procedure was performed as follows. After cross-clamping the distal ascending aorta, the aneurysm was excised using a combination of sharp and electrocautery dissection. Both coronary ostial buttons were mobilized. For patients requiring a biosprosthetic valve, a composite graft was constructed intraoperatively from porcine or pericardial valve and collagen impregnated, woven polyester graft (Hemashield™, Maquet Cardiovascular). For patients requiring a mechanical valve, a composite aortic valved graft (SJM™ Masters Series™, St. Jude Medical) was used. All valves were implanted using 2/0 buttressed, interrupted, polyester sutures (TI•CRON™, Covidien). The mobilized coronary buttons were implanted in an end-to-side fashion using a continuous 5/0 Prolene™ suture (Ethicon). The distal aortic anastomosis was performed using a continuous 4/0 Prolene™ suture (Ethicon). Hemostatic adjuncts, such as glue or Teflon, were seldom used.
Clinical Data and Follow-Up
Clinical and operative data were prospectively recorded for all patients. Echocardiograms were routinely performed on all patients prior to discharge. Patients were followed up at 8 weeks, 6 months, and then on an annual basis with echocardiogram and computed tomography (CT) scanning.
Statistical Analysis
All descriptive statistical analysis was performed in Microsoft Excel 2003. Distribution for normality was not performed as the results are descriptive only. No comparison of patient groups or outcomes was made. Continuous data are expressed as mean Ϯ standard deviation (SD). Categorical data are expressed as percentages.
Results
Between October 2005 to March 2011, 163 ARRs were performed on an elective/urgent basis (approximately 30 cases per year). In this same period, the total aortic surgery volume was approximately 69 cases per year. In addition to elective/urgent ARR, these included emergency ARR, arch/hemiarch replacement, extra-anatomic bypass, and repair of Type-A aortic dissection.
Median age of the patients was 63 years (range 19 -84) and 112 (69%) were male. Preoperative patient characteristics are shown in Table 1 . Indications for ARR were annulo-aortic ectasia or aneurysm of the aortic root in 155 (95%) patients, active endocarditis in seven patients, and a small aortic annulus in one patient. A majority of the patients had aortic stenosis with preserved left ventricular function (Table 1) .
Of these, 131 (80%) were isolated first time procedures (four in pregnant women), six were redo (4%), and in 26 (16%) ARR was combined with concomitant valve or coronary artery revascularization procedures (Table 2) . Bioprosthetic valve was used in 110 (67%) patients and a mechanical valve was used in 53 (33%) patients. Median cross-clamp and CPB times were 73 (range 69 -87) and 86 minutes (range 85-126), respectively (Table 3 ). The incidence of bailout coronary artery bypass surgery for possible coronary insufficiency after reimplantation was zero.
There was one in-hospital death (mortality ϭ 0.6%). This patient underwent an urgent root replacement for severe prosthetic valve endocarditis. At the time of surgery, he was in severe septic shock with profound pulmonary edema. He died of severe postoperative sepsis with multiorgan failure. One patient underwent resternotomy (0.6%) for bleeding, two required hemofiltration (1.2%), and there were no strokes. Median hospital stay was 6 days (range 5-11).
Median follow-up was 2.9 years (range 6 months-4.3 years) with 100% freedom from reoperation and prosthetic valve dysfunction. There was no late distal ascending aorta/arch dilatation. There were two (1.2%) late deaths. One patient died of pneumonia and the other following a stroke.
Discussion
This contemporary series demonstrates the effectiveness of ARR in the treatment of aortic root pathology and that high-volume practice results in low operative mortality and morbidity. [2] . It is difficult to compare the results with previously published ARR series due to differences in aortic root pathology, patient population, and operative management. However, the average mortality rate of 8.0% for elective cases and 12.2% for urgent cases in the UK is similar to other contemporary series but significantly higher than the mortality rate in other historical series from high-volume centers [4] [5] [6] 14] .
There was a similar unadjusted mortality rate of 11.1% for ARR between 1994 and 2003 in the STS database [3] . This high-mortality figure was not accounted for by emergency cases since only 4% of cases were for aortic dissection (mortality 23.7%). In this series, nearly half of the ARR cases were performed for cases without aortic root pathology, hence inappropriate ARR for no root pathology was discouraged [3] . Analysis of data between 2004 and 2007 from the STS database demonstrated that increased center volume was associated with reduced mortality and when center volume was assessed as a continuous variable, mortality was significantly higher in the less than 30 -40 procedures a year group [14] . However, the major limitation of the database is an inability to adjust for individual surgeon volume so it is not known whether this effect is due to a high-volume surgeon or center. However, more contemporary data from the STS database between 2004 and 2009 showed an unadjusted mortality rate of 2.72% for elective ARR and 13.74% for nonelective ARR and the procedure volume remained stable at approximately 12 cases per center [15] .
It is standard practice at our institution to maintain team stability with the same operating team, cardiothoracic anesthetist, perfusionist, and standardized operative technique. Team familiarity is a key factor in reducing technical error and good teamwork with team stability improves operative performance and significant reductions in operative times [16] . Although there is limited data relating systemic and organizational factors to outcomes, there is some evidence that higher levels of communication in a familiar team is associated with decreased postoperative morbidity [17] .
Conclusions
In a contemporary series, we have demonstrated that high-volume surgery, with minimal use of hemostatic adjuncts and sustained follow-up, reduces morbidity and mortality following ARR.
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